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(54) Title: LIQUID CRYSTAL DEVICES 



(57) Abstract 

A liquid crystal display device with a fast 
switching time and bistability comprises a layer 
of a chiral smectic material between cell walls. 
Electrodes on the walls allow the material to be 
switched between two states by application of 
positive and negative voltage pulses. Rapid 
switching is due to the ferro electric effect. 
Good alignment and uniformity of display is 
achieved by using an alignment giving a high, 
5j;5°, tilt to the liquid crystal molecules. Align- 
ment may be provided by oblique evaporate of 
silicon monoxide at a glancing angle of up to 
15°. 
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LIQUID CRYSTAL DEVICES 

The invention relates to smeotlc liquid crystal devices employing 
ferro electric amectic material. 

Liquid crystal devices comonly comprise a thin layer of a liquid 
5 crystal material contained hetveen two glass plates or walls. A 
thin transparent electrode is deposited on the inner face of hoth 
walls. The conhination of liquid crystal layer, walla, and 
electrode is often termed a liquid crystal cell. When an electric 
field is applied between the two electrodes, liquid crystal 
10 molecules rotate in the field to an OH state. On removal of the 
field the molecules rotate hack to an GPP state, determined by a 
surface treatment applied to the walls before cell assembly and by 
the type of liquid crystal material. The optical transmission 
characteristics of the ON and OPF states are different. Some 
15 devices need one or two polarlsers and/or dyes to visibly 
distinguish between ON and OPF states. 

There are broadly three different phases of liquid crystal 
material, nematlc. cholesteric. and smectic, each distinguished by 
20 a different molecular ordering. 

Such materials only show a liquid crystal phase over a limited 
temperature range between the solid and isotropic liquid phases. 
Within the liquid crystal phase temperature range a material may 
25 exhibit one or more of the nematlc. cholesteric or smectlc phase 

types. Normally a material is chosen such that it forms only one 
type of liquid crystal phase over its working temperature range. 
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The present invention concerns devices using ferro-electric smectic 
liquid crystal matariala. 



Displays have been made with the electrodes formed into rova on one 
5 wall and columns on the other wall. These collectively form an x, 
7 matrix of separately addressable elements on a large display. 
One way of addressing such a display is by multiplexing i.e. 
addressing each row in sequence until the whole display has been 
addressed. This is repeated all the time that a display is 

10 needed. Another type of display uses the ON and OP? states to 

form an electrically swltchable optical shutter. Y^t another type 
of display is used as an optical storage device. ITematic 
choleateric and smectic liquid crystal material have been used for 
such devices. A problem with many displays is the time taken to 

15 switch between the two states i.e. the response times. Por many 
displays a fast response time is needed. A nematio material, 
arranged in a 90» twisted structure typically has a response time 
of 100 milliseconds. 



20 



25 



30 



Devices comprising smectic materials have not been used as widely 
as devices with nematic or cholesteric materials. Available 
display devices based on smectic materials do not have the 
necessary characteristics. Recently however the smectic ferro- 
electric property with its fast switching and bistability 
characteristics has become important see for example N. A. Clark 4 
S. T. Lagerwall, App. Phys. Letters 36(ll) igso pp 899-901.. 
Chiral materials in a tilted liquid crystal smectic phase, e.g. 
Sc*» Sj*, Sj.*, Sj*, Sq* Sh*, are known to exhibit ferro-electric 
properties. This has been described by S. B. Meyer. L. Liebard, 
L. Strzelecki, and P. Keller. J. de Physique (Lett.), 36, L-69 
(1975). 
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A disadvantage of tlie devices using ferro-electric or chlral 
amectic (S*) materials is the non-uniformity of cells: they appear 
patchy. One particular kind of problem that arises in cells using 
a conventional alignemant layer, such as a rubhed polyimide 
material as used in twisted nematic devices, Is characterised by a 
"zig zag" defect, which Is visible under microscopic examination 
and separates areas of the cell which exhibit different levels of 
contrast and angle of view. This produces an unacceptable visual 
appearance for a display or shutter using the smectic C material. 

According to this invention the above problem is solved by using a 
cell wall surface treatment that gives a high tilt to contacting 
llq^uld crystal molecules. 
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According to this invention a liquid crystal device comprises 
two cell walls spaced apart by a spacer, 

a layer of a chiral amectio liquid crystal material contained 
"between the walls, 

5 electrode structures on the inner facing surfaces of the cell 

walls, 

a surface alignment coating on the inner facing surface of at 
least one wall, the alignment coating providing both an 
alignment direction and a surface tilt of above 5" to 
10 contacting liquid crystal material 

at least one polariser arranged with its optical axis parallel 

to a liquid crystal molecular alignment dire6tlon, 
and either an amount of a diohroic dye in the liquid crystal 
material or a second polariser arranged so that the cell 
15 walls are between both polarisers. 

The alignment directions on the two walls nay be parallel in the 
same or opposite directions, although small variations are 
acceptable. 



20 



A retarder may be incorporated between the polarisers to optimise 
colour and contrast. 

A reflector may be used and the device viewed in reflected light, 
25 in which case the second polariser may be replaced by a retarder 
between the cell and the reflector. 
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The chiral amectlc material has a choleateric phase at a 
temperature a.ove ambient bet-.een the smectic and laotropic phases. 
Preferably the choleaterlc pitch p is greater than half the layer 
thiclmesa d over a temperature range of 0.1 or more above the 
5 amectlc/choleaterlc phase transition. The value of the 

spontaneous polarisation co-efficient Ps^of the material as at 
least 0.1 and preferably 1 or more nC/cm . 

The liquid crystal material is heated into the isotropic phase and 
10 introduced between the Kails by capillary action via two holes 
which are subse-iuently sealed, or by vacumn filling through a 
single hole. Once in place the liquid crystal mater^ is heated 
into the chclesterio phase and slowly cooled to ambient 
temperature. This assists in obtaining good alignment and uniform 
X5 appearance. A typical cooling rata is between 0.05 and 2-C/minute 
within 5°C of the smectic/cholesterlc phase tranaitaon. 

Brief Description of the Drawings 

one form of the invention will now be described, by way of example 
20 only, with reference to the accompanying drawings in which:- 

Figurea 1. 2. are plan and section views of a liquid crystal 

display device; 
Figure 3 is an enlarged view of part of Figure 1 ; 
Figures 4a, b, c are graphs of choleaterlc pitch against 
25 temperature for different materials. 

Ambient temperatures may be taicen as O'C to 40 for most displays. 
However for displays mounted on Instruments or other equipment 
ambient operating temperature iay reach lOO'C. 

30 



0 
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Description of Preferred Embodiment 

The cell 1 shown in Figures 1, 2, 5 comprises two glass walls 2, 3, 
spaced about 2-15 pa apart by a spacer ring 4 and/ or distributed 
spacers. Electrode structures 5, 6 of transparent tin oxide are 
formed on the inner face of both walls. These electrodes may be 
of conventional row (x) and column (y) shape, radius and angle (r, 
e) shape, or seven or more segment display for displaying alpha 
numerics. A layer 7 of smectic liquid crystal material is 
contained between the walla 2, 3 and spacer ring 4. Polarisers 8, 
9 are arranged in front of and behind the cell 1. a d.c. voltage 
source 10 supplies power through control logic 11 to driver 
circuits 12, 13 connected to the electrode structures*?, 6, by lead 
wires 14, 15. 

5 The cell display may be observed by transmitted light, in which 
case a light source eg a tungsten bulb 16 is arranged behind the 
display. Alterriatively a reflector 1? may be arranged behind the 
polarisers and the display observed by reflected light. 
Additionally a retarder (not shown) may be arranged between wall 3 

) and polariser 9, 

Prior to assembly the walls 2, 3 coated with the electrodes 5, 6 
are surface treated by the known process of oblique evaporation of 
silicon monoxide. 
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This 13 deacrlted for example in G.B. 1,454,296, 1.472,247, 
1 470,592. A stream of silicon monoxide is deposited onto a wall 
at an' angle of up to 15° to tie substrate surface. When used as 
described In the above specification with nematic liquid crystal 
5 materials this results in a uniform linear alignment of liquid 

crystal molecules and a tilt of 30' between the molecules and the 
wall. The alignment is analogous to rubbing which provides 
alignment of liquid crystal molecules but a tilt of about 2«. 
Different angles of molecular tilt may be produced by sequential 
10 evaporation of SiO at evaporation angles i)f up 15. and angles 

between 15'and 30» . Varying the amounts of material deposited in 
these two directions varies the tilt angle between about O" and 
45°. 

15 The smectic material is preferably one having a long pitch 
cholesteric phase above the smectic phase. 

To provide a uniform alignment of both molecules 26 and micro- 
layers 25 it is necessary to use a smectic material with a 
20 cholesteric phase at elevated temperatures above device operating 

temperatures e.g. above 40''C or even 100»C depending on device use. 
Jigure 4a shows a cholesteric pitch p versus temperature curve for 
a typical conventional smectic material with a cholesteric phase. 
As the tei^perature reduces very close to a cholesteric/ smectic 
25 ■ phase transition, pitch p increases towards infinity. Away from 

this transition cholesteric pitch becomes very small, typically 

much less than 1 /im. 
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Displays of the invention described in copending application 
numbers GB 86 08,114 and 86 08,115 filed together with the present 
invention have a long pitch in the cholesteric phase for at least 
0.1 -C above this phase transition. Preferably this range is S^C 
and ideally occurs over the whole cholesteric temperature range. 
Within this range the minimum p is greater than 4d, d being the 
layer thickness. 



There are a number of ways of achieving the above material. For 
10 example combining one or more chiral components with laavo (left) 
cholesteric twist sense with one or more chiral components with 
dextro (right) cholesteric twist sense, with the provjjo that none 
of the laevo components are the racemates of the de:ctro components. 
Such a mi:cture may be used by itself if it has the necessary 
smectlc phases. Alternatively the chiral mixture may be added to 
a non-chlral or a racemate liquid crystal material, eg a smectlc C 
I (/ ^^^^®^ent chiral components may have different 

0^^ nh)<^ Vn '^"^^"^•^^"/P"^^ Characteristics. In this case it is necessary 

K)^y''\\ P ^ 20 '° resultant pitch has the required value in the 

^^Q.^^ , r. '^^^ smectic/cholesterlc phase transition. 

\t 16^* tn^l ^^'^ ''""^ "^""^^ components of opposite twist sense it is 

/^yV necessary to ensure that the resultant mixture has the required 

\ rhv- M polarization value Ps. Thus all of the chiral 

U^^.Z'f""^'^' regardless of their cholesteric twist sense, may have 
k^t) P J\d^^' °^ ^ * polarization, i.e. their Ps add. 

r6^J W one or more of the chiral comj^nents may have the 

\H^D'r ^l^^osite sense of Ps providing the net Ps has a sufficient value. 



) 
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mother way of achieving the ale material is to use one or .ore 
chiral components with the same oholeateric tvist sense and S 
polarisation sense but still satisfying the cholesteric patch 
values noted above. Such a mixture may be used alone or .n 
5 combination with a non-chiral or a race.ate li.uld crystal 
material, eg a S (.boat. 

AS a result of the long pitch in the cholesteric phase the material 
cools into the S,* phase vrtth uniform alignment caused by the cell 
10 wall treatment. The result is alignment as In Figure 3. 

The pitch in the smectic phase is arranged to be greater than about 
1 ;am and preferably very much greater. 



15 



20 



The compensation of pitch in the cholesteric phase is illustrated 
in Figures 4(a), (b). (c). Figure 4(a) shows cholester.c pitch 
against temperature for a noncompensated material having a 
llesteric to smectic transition. At this transition the pi h 
tends to infinity. The compensated material shown in Figure 4(b) 
shows a pitch increase a few degrees above the transition 
tem^rature with a pitch reduction below. By suitable selection 
of materials this pitch increase can be made to occur even c oaer 

<^ w-iuiiTH a.(c) . but a few degrees 
to the transition temperature as in Figure 4^c; , du 

difference does not seem to affect the end result. 



25 
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When introduced into a cell liquid crystal molecules at the cell 
walls align along the evaporation direction of SiO marked E on 
Figure 3 with a surface tilt of eg 30°. The directions of B may be 
the same or in opposite directions on the two walls 2,3. Liquid 
5 crystal molecules are observed to adopt one of two alignment 

direction D1 , D2 depending on the polarity of an applied voltage. 
A typical voltage is +/- 10 to 50 volts. These two positions are 
seen in Figure 3 in full D1 and broken lines D2, and lie either 
side of the evaporation/ alignment direction E. Rapid switching 

10 between the two states, when the d.c. pulses are applied, is due to 
the smectic ferro electric property of the material. Typically 
the cell can be switched between C1 and D2 in times of a few ^s to 
a few ms eg 1ms depending on the liquid crystal Tiaterial. The two 
different directions D1 , 12 represent two different directions of 

15 Ps, often termed UP and DOW directions. These two directions D1 , 
D2 may be about 45° apart depending on the material composition. 
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» o iri.or.5 1 2. arranged rfth ttelr optical 
polar^aera ^rallel to 

Tr, tl .Ucular ali^aat m or . ...a 
parallel to the aire passed through the 

5 in one state Dl of the cell very little light pass 
combination of polariser 8. cell 1. and polariser 9- 

However when the call is in state .2 the molecules are at 45= to 
hoth polarisers 8. 9 optical axis and light is t-sra. tted^ 

^/ m to 20 volts for a 6 ;im thacK 
.„ Wioal applied volta..a ar - -5 o ^0 ^ 

layer of liquid crystal material. +/ 5 xo 

tl. U^r. aad a.o„t « volts for a ,2 p. tUiC^Uyar. 

por the X. y »-tr» display ot Fi^-a , each electrode iotersectioc 

i, a dresead a voltasa puUa; n are i.ta.ara a,u 1 
t the .».er of x and y alectrodee reapectivelj. These palse. 
Itch the liquid crystal material at each », y. " 
Te light trana.i.eiv, or op.,n. as re,nired. .sing a Kn vn 

iLnn. Of multiplex addressing each intersection ia " 
^0 sa,.e»ce. S.ch addressing .ay he an intersection at a ti.e or 
whole X row at a time- 

conyenticnally an x. y matrix needs to h. continually "'J'^^^; 
i... re-addressed, to .aintain a flic^r free display. The rsaao^ 
for this is that conventional ne.atic ..terials ,nite rap.dly relax 
fro. one say 0» Stat, to say an OFP Stat. . Conventional 

Lsaing refreshes .ach intersection hefore they hav. ti.e to . 
fro. OX to orr. This i.tcses a severe limitation on the 
nn.ber of X, y intersections that can be addreas.d. 

30 
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In contrast cells of thds invention possess true bistablllty. 
That ia when switched into either D1 or D2 state they remain as 
switched for some seconds or even hours, depending on the cell 
material and construction, without any applied voltage until 
switched to the other state. This means that much larger numb 
of intersections can be addressed without flicker of the displa; 
Alternatively instead of refreshing the whole display only thosi 
parts to be changed are addressed. 

Materials suitable for use in cells of this Invention are:- 
Example 1 

cm =43. 5^ CD3 (chiral component) + 56. 5^ H1 (S host) 
where CD3 = 22% CC1 + 73% CC3 



Me 



CC1 



13 



Me 




7 



HI 



M1 -f- M2 + M3 (1:1:1) 




F 



M2 




11 



P 




P 
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CM6 has the following phases 

.Olid ^ cMral =«e=..c ^ s.e=ti= A ;;=^o.«1.3t«io^i=o»op.= 

5 Example 2 

Merck ZLI 3041 
Example 3 

LPM13:- 72.5? HI * 25% m * 2.5? CC13 
„7 = C8%70 -(o)-C00-^C5H^i 



10 



15 



CN He 

CC13 = C^H,70<0X0)-C02C*H C H 

Me 



20 LLM13 has the following phases :- 

solid.chiral smectic 56.3= cholesteric lia" isotropic. 

PS = 10nC/cm^ at SCO and 5nC/cm^ at 46 °C. 
as one example of a blue is .102 available fro. BBH Poole. Dorset. 

UK. 
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Claims 

1 . A liquid crystal device comprisingj- 

two cell wall3 spaced apart ty spacer, 

a layer of a chiral smectic liquid crystal material contained 
"between the walls 

5 electrode structures on the inner facing surfaces of the cell 

walls, 

a surface alignment coating on the inner facing surface of the 
walls, the alignment coating providing both an alignment 
direction and a surface tilt of above 5° to contacting 
10 liquid crystal material 

at least one polariser arranged with Its optical* axis parallel 

to a liquid crystal molecalar alignment direction, 
and either an amount of a dlchrolc dye in the liquid crystal 
material or a second polariser arranged so that the cell 
15 walls are between both polar! sers. 

2- The device of claim 1 wherein the liquid crystal material 

has a cholesteric phase at a temperature above ambient between the 
smectic and isotropic phases. 



20 



3- The device of claim 2 wherein the liquid crystal material 

has the following phases: 

solid chiral smectic smectic A cholesteric-Jiiisotropic . 



25 
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4. The device of cladm 1 whereiQ the two alignment 
directions are parallel but opposite. 

5. The device of claim 1 wherein the two alignment 
5 directions are parallel and in the sane direction. 

6. The device of claim 1 wherein the molecular tilt is in 
the range 10° to 45 

7. The device of claim 1 wherein the two polariaera are 
arranged with their optical axis orthogonal. 

8. The device of claim 1 wherein the lltiuid crystal material 
his a net spontaneous polarisation coefficient of greater than 

2 

15 0.1 nC/cm . 

9. The device of claim 1 wherein the liquid crystal material 
his a net spontaneous polarisation coefficient of greater than 

2 

1 .0 nc/cm . 

20 

10. The device of claim 2 wherein the liquid crystal material 
has a smectic phase over an operating temperature range up to 100=C 

11 . The device of claim 2 wherein the liquid crystal material 
25 has a smectic phase over an operating temperature range up to 40°C. 

12. The device of claim 1 wherein the layer of liquid crystal 
material is up to 15 /im thick. 

30 13. The device of claim 1 wherein the electrodes are 

patterned into strip electrodes forming an x. y matrix array. 

U. The device of claim 1 wherein the electrodes are 

patterned Into strip electrodes forming an r, 0 matrix array. 

35 
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15« The device of claim 13 and further comprising driver 

circuits for addreaaing the matrix array. 

16. The device of claim 1 wherein the electrodes are 

5 patterned into segments for displaying numerical values. 

. 17- The device of claim 1 wherein an at least partially 

reflecting mirror is arranged behind the device to reflect light 
hack through the liquid crystal material and polariser. 

10 

18. The device of claim 1 and including a retarder plate. 



I 
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